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HIGH COVERAGE AREA BRAIDING MATERIAL FOR 
BRAIDED STRUCTURES 

10 FIELD OF THE INVENTION 

This invention relates to braiding materials for braided structures. 

BACKGROUND OF THE INVENTION 

Braided structures are produced by interlacing strands (containing fibers) of 

15 braiding material to form a braided pattern. , Each strand has a width measured by the 
distance between its outmost edges exposed on the surface of the braided structure. Each 
strand also has a thickness measured by the distance between the fibers on the outer and 
inner surfaces of the braided structure (or the distance along the axis perpendicular to the 
width). The width to thickness ratio of such strand is referred to as the aspect ratio. In 

20 addition, the braided structure has a coverage area. Depending on the width of the strands 
and the angle of the braided structure (also called the braiding angle) , interlacing the strands 
can produce gaps where the strands cross each other. The coverage area can be expressed 
as the amount of the braided structure surface area which contains braiding material or 
fiber. 

25 There are a myriad of uses for high coverage area braided structures 

produced by high width to thickness ratio braiding material. One example is a new 
generation of automotive inflatable safety devices, or airbags. Airbags are installed in 
automobiles in order to protect the vehicle 1 s occupants from injury. During a collision, the 
occupants are often thrown, causing the head or upper body to hit objects in the passenger 

30 compartment. Rapidly inflating airbags prevent bodily contact with such objects. 
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Certain aiifoags have been developed to exploit a particular feature of braided 
structures, namely that such structures shrink in length as they expand in diameter. This 
feature, essentially the well-known Chinese finger trap effect in reverse, allows for airbags 
constructed from braided structures to be elongated and stowed in a vehicle and, upon 

5 inflation from an impact initiated gas generator, to shorten in length, making a straight line 
between their attachment points. This feature allows such airbags to self deploy into a 
position suitable to provide the occupants with an appropriately positioned protective 
cushion. One example of an appropriate position is for side impact head protection. For 
this use, elongated, deflated airbags are stowed above the vehicles side window between the 

10 roof and the interior trim and are connected generally to a first point near the base of the 
windshield and a second point above the rear passenger door. Upon inflation, such airbags 
simultaneously shorten in length and expand in diameter to provide a diagonally positioned 
side cushion across the adjacent door and window, between the door and window and the 
vehicle's front seat occupant. 

1 5 For the airbag applications just described, a braided structure is placed over 

a gas tight inflatable bladder (this application for the braided structure is also referred to as 
an airbag cover). It is important that the structure have a high coverage area of fibers over 
the gas tight inflatable bladder. The high degree of coverage is essential to reinforce the 
bladder material in order to prevent it from popping or rupturing when initially inflated and 

20 when receiving additional loads resulting from impact. It is also important, in at least a 
side impact airbag application, for the braiding material to have a small thickness or thin 
cross section so that the deflated airbag can be stowed in the, relatively small area between 
the roof and the interior trim. 

As is known in the braiding art, braiding machines include numerous 

25 carriers, each of which hold a strand of braiding material. Each strand (also referred to as 
a tow bundle) can consist of, for example, a single multifilament textile fiber or a 
multifilament yarn (also referred to as a yarn end) which contains several multifilament 
textile fibers. In order to create relatively thin braided structures usable for applications 
such as airbags, yarn ends with a relatively low linear density are used. A relatively low 

30 linear density textile fiber has a denier value of less than or about 2000. However, 
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multifilament textile fibers and, accordingly, a multifilament yarn ends made of up such 
fibers generally have a round cross-section. Therefore, the low linear density yarns 
employed to achieve relative thinness in the braided structure will make a correspondingly 
small contribution to die structure's coverage area. As such, in order to increase the 

5 coverage area, more yarn ends must be introduced into the braiding process. 

This can be accomplished, for example, in two ways. First, many strands 
which each contain a single yarn end can be incorporated by using a relatively large 
braiding machine with numerous carriers. Second, multiple yarn ends can be combined in 
a single strand or tow bundle. This can be achieved by orienting the yarn ends for each 

10 strand side-by-side or parallel in a single layer relative one another. Accordingly, the width 
of the strand made up of a tow bundle is distance between the outer edges of the collection 
of yarn ends and its thickness is the thickness of any yarn end since the yarn ends are 
oriented in parallel. These two approaches can also be combined such that a braiding 
machine with a larger number of carriers can include an increased number of yarn ends on 

IS the strand of each carrier. 

We have determined that such a high coverage area braided structure can be 
constructed using a thin braiding material on a 336-carrier braiding machine. The 336- 
carrier braiding machine is a relatively large machine, using three parallel yarn ends having 
500-denier high tenacity polyester per carrier for a relatively thin, wide strand or tow 

20 bundle. However, there is a disadvantage to this construction in that large 336-carrier 
braiding machines are relatively expensive, rare, and relatively unproductive as a function 
of the fineness of the weave necessary to create a high coverage area braided structure. 
Likewise, the 500-denier polyester requires twisting in each of the three parallel yarn ends 
to maintain bundle integrity. This is a relatively slow process due to the light weight of the 

25 polyester yarn. 

In general, when a fabric construction is undesirably costly as a function of 
the fineness of the weave, more yarn ends are added in parallel to the yarn ends extant in 
the tow bundle. Increasing the number of yam ends in a tow bundle is also referred to as 
parallel winding. As a result, there is a higher width to thickness ratio in the tow bundles 

30 to be braided. If the higher width to thickness ratio tow bundles are used on the same size 
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machine, the coverage area of the resulting braiding structure increases. Similarly, the 
higher width to thickness tow bundles can produce a braided structure with the same 
coverage area on a braiding machine with fewer carriers. Such results are achieved based 
on a geometric relationship between the aspect ratio of the braiding material, the number 

5 of tow bundles or strands used, the braiding angle and the coverage area. This allows for 
a braided structure of equal coverage to be manufactured on a braiding machine with a 
reduced number of carriers. The reduction in carrier member is proportional to the increase 
in the width to thickness ratio achieved by parallel winding. For example, if instead of 
three yarn ends per stand, seven yarn ends of 500-denier polyester were employed per 

10 strand, then a fabric of equal coverage and thickness can be produced on a machine with 
only 144 carriers. 

However, there has been a limit to the number of yarn ends which can be 
parallel wound in such a way that the yarn ends orient themselves next to one another in 
order to form a single layer of increased width without additional thickness. Beyond such 

15 limit, added yarn ends pile on top of one another or bunch together, increasing both the 
width and thickness of the resulting tow bundle. Theoretically due to the effects of "textile" 
catenary (i.e., while parallel wound yarn ends are ideally of identical length, practically, 
variations in length in one or more of such yarn ends result in excess material which can 
cause bunching; increasing the number of yarn ends increases the likelihood of variations 

20 in length among such yarn ends), or other reasons presently unknown in the braiding art, 
low linear density fibers generally reach such limit at three yarn ends. Additional yarn ends 
are more difficult to parallel wind, in order to create tow bundles of additional width 
without additional thickness. Because of this, it is difficult to create a tow bundle using, 
for example, 500-denier polyester that has an effective width to thickness ratio higher than 

25 3 to 1 . For example, winding six yarn ends made of 500-denier polyester in parallel will 
not consistently yield a tow bundle with an aspect ratio of 6 to 1, it will instead yield a tow 
bundle with an incidental ratio in the area of about 2.3 to 1. 

Hence, the need arises for a tow bundle with a width to thickness ratio that 
is suitably high to permit the production of a braided structure with a high coverage area 

30 while maintaining a small thickness. 
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SUMMARY OP THE INVENTION 

One embodiment of our invention is directed to braiding material consisting 
of multiple low linear density yarn ends (containing multifilament textile fibers) oriented 
side-by-side or in parallel to form a generally single layer band of yarn ends and treated 
5 with a suitable forming material in order to set such orientation. The braiding material can 
then be used to form tow bundles for producing a braided structure. The braided structure 
resulting from the braiding material of our invention has a high coverage area and high 
width to thickness ratio. One advantage of our invention is that the coverage area of a 
braided structure produced on a larger braiding machine, for example, a 336-carrier 

10 machine, can be generally maintained or improved for a braided structure produced on a 
smaller braiding machine, for example, a 144 or 80-carrier machine, where yarn ends are 
added to the tow bundles to increase the tow bundle' s width without changing its thickness. 

In addition, our invention can be implemented using a single yarn end for 
each tow bundle. For this embodiment, the braiding material is a film or other material of 

15 a suitable width to thickness ratio to provide generally the same high coverage area as the 
tow bundles containing parallel wound multiple yarn ends. For example, such material or 
film can be provided by splitting a film of a suitably high tenacity thermoplastic or 
thermoset material. Another suitable material is a single yarn end having a denier value of 
greater than 2000 (i.e. , a higher linear density yarn end), which is flattened to increase the 

20 width to thickness ratio. In addition, in alternative embodiments, multiple yarn ends, for 
example, two yarn ends of more than 1000-denier each, can be combined in a parallel 
orientation and flattened in the same manner as the single yarn end. Accordingly, films 
and single or multiple yarn ends with a wider range of linear densities (for example, 
including those having greater than 2000-denier) which are manipulated to achieve a 

25 suitable width to thickness ratio can be used in alternative embodiments of our invention. 

Moreover, our invention is particularly suited for automotive inflatable safety 
devices or airbags because that application requires low linear density high coverage 
braiding material in a braided structure. 
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BRIEF DRSCRIPTION OF THE DRAWINGS 

The foregoing and other features and advantages of the present invention will 
be more readily apparent from the following detailed description when read in conjunction 
with the accompanying drawings, wherein: 

FIG. 1 is a fragmentary view of a braided structure produced by a prior art 
braiding material having three yarn ends and a three to one aspect ratio; 

FIG. 2 is a fragmentary view of the prior art braiding material of Fig. 1; 

FIG. 3 is a fragmentary cross-sectional view along line 3-3 of the braided 
structure produced by the prior art braiding material of Fig. 1 ; 

FIG. 4 is a fragmentary view of a braided structure produced by a braiding 
material having twelve yarn ends and a twelve to one aspect ratio according to an 
embodiment of the present invention; 

FIG. 5 is a fragmentary view of the braiding material constructed according 
to the embodiment of the present invention shown in Fig. 4; 

FIG. 6 is a fragmentary cross-sectional view along line 6-6 of the braided 
structure produced by the braiding material constructed according to the embodiment of the 
present invention shown in Fig. 4; 

FIG. 7 is a fragmentary view of a braided structure produced by a braiding 
material having a monofilament according to a second embodiment of the present invention; 

FIG. 8 is a fragmentary view of the braiding material constructed according 
to the second embodiment of the present invention shown in Fig. 7; and 

FIG. 9 is a fragmentary cross-sectional view along line 9-9 of the braided 
structure produced by the braiding material constructed according to the second embodiment 
of the present invention shown in Fig. 8. 

nPTATTPm nrarmPTTOM of trp rnvRNTTOK 

Figs. 1 and 2 show a braided structure 10 produced by a prior art braiding 
material 11 (shown in Fig. 2) on a 336-carrier braiding machine (not shown). The prior 
art braiding material 11 is designed to produce the braided structure 10 having a high 
coverage area and an aspect ratio of three to one on the 336-carrier machine. In order to 
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create this relatively thin braiding material 1 1 , yam ends 12, 13, 14 of relatively low linear 
density must be employed. The yam ends 12, 13, 14 optimally have generally round cross- 
sections and the same diameters. Also, the yam ends 12, 13, 14 are oriented in parallel to 
form a single layer band by laying them side-by-side. This parallel orientation of the yam 

5 ends 12, 13, 14 provides an aspect ratio of about three to one. We have found that such 
yam ends 12, 13, 14 with an aspect ratio of about three to one will maintain their parallel 
orientation producing the braided structure 10. The braiding material 1 1 can then be used 
to produce a number of tow bundles 15 equal to the number of carriers (for a total of 336 
tow bundles in the case of a 336-carrier braiding machine). Accordingly, the braiding 

10 material 11 as well as the tow bundles 15 have a width equal to the distance between the 
outmost edges of its yam ends 12, 13, 14 or the sum of the diameters of yam ends 12, 13, 
14. Also, the material 1 1 and tow bundles 15 have a thickness equal to the diameter of any 
yam end 12, 13, 14. 

Fig. 3 shows a fragmentary cross-sectional view along line 3-3 of the braided 

15 structure 10 produced by the tow bundles 15 (made from the prior art braiding material 1 1) . 
Fig. 3 illustrates the parallel orientation of the yam ends 12, 13* 14 within the tow bundles 
15 and the uniform thickness of the tow bundles 15 as a result of such parallel orientation. 

The braided structure 10 of Fig. 1 is made up of tow bundles 15 in a 
standard two-over two-under braid pattern. This braid pattern is exemplary of the types of 

20 braided structures 10 which can be produced from the braiding material 11. In addition, 
the aspect ratio of the tow bundles 1 5 and the angle at which the tow bundles 1 5 are braided 
results in a particular coverage area for the braided structure 10. The coverage area 
indicates the amount of the braided structure's 10 surface area which contains fiber of the 
yam ends 12, 13, 14 rather than gaps (appearing at the intersections of the tow bundles 15 

25 as a result of the braiding process). Figs. 1 and 3 illustrate the gaps 16. 

EXAMPLE 1: THE BRAIDED STRUCTURE 10 PRODUCED ON A 336-CARRIER 

BRAIDING MACHINE 

The braided structure 10 can be produced on a 336-carrier braiding machine 
30 using uncoated braiding material 1 1 constructed according to the prior art. An example of 
a yam usable for yam ends 12, 13, 14of the braiding material 11 is a 500-denier, 550-dtex, 
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96-filament TREVIRA® high tenacity polyester yarn (type 710). Other yarns usable for 
yarn ends 12, 13, 14 ate as follows: a 440-denier, 489-dtex, 96-filament TREVIRA® high 
tenacity polyester yarn (type 781), having 7.5 dN/tex tenacity and 7.5% shrinkage at 
350°F; and a 220-denier, 245-dtex, 50-filament DACRON® yarn (type 68), having 7.32 

5 dN/tex tenacity and 10.6% shrinkage at 350°F. In addition, the yarn ends 12, 13, 14 can 
be any type of high tenacity and preferably low shrinkage yarn currently used or hereinafter 
discovered for use in the braiding art, including numerous alternative TREVERA® and 
DACRON® polyester yarns as well as various natural or man-made textile materials 
exhibiting high tenacity, such as, for example, nylon, polypropylene, polyethylene and 

10 liquid crystal polymer fiber. 

The exemplary braided structure 10 illustrated in the table below has two 
variations. A prior art braided structures 10 having a braiding angle of 18° can be 
produced. In addition, the diameter of such structure 10 is 2.36 inches. The same braided 
structure 10 can also be inflated when used in an airbag application to a structure 10 having 

15 a braiding angle of 45 ° . The diameter of the structure 10 with an increased braiding angle 
of 45° is increased to 5.50 inches. Such exemplary structure 10 and yarn ends 12, 13, 14, 
each yarn end comprising 500-denier such as the TREVIRA® high tenacity polyester yarn 
(type 710) described above, have the following properties: 



20 Diameter of Prior Art Braided 
Structure 10 
(inches): 

Yarn Ends 12, 13. 14 (500-denier 
polyester) Per 336- Carrier 
25 Braiding Machine: 

Yarn Aspect Ratio 

Coverage Area (Percent): 

Tow Bundle 15 Width: 

Tow Bundle 15 Thickness: 

30 Raw Material Yield (yd/lb): 



EXAMPLE 1A 
Braiding 
Angle of 18° 

2.36 



EXAMPLE IB 
Inflated Condition 
Braiding Angle of 45° 

5.50 



3.01 to 1 
91.8% 
0.030 
0.010 
8929 



3.01 to 1 
65:4% 
0.030 
0.010 
8929 
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Accordingly, the braided structure 10 has an aspect ratio of about three to one when it is 
produced with a braiding angle of 18° and when it is inflated so that the braiding angle is 
45°. In addition, the braided structure 10 has coverage areas of 91.8% when the braiding 
angle is 18° and 65.4% when the braiding angle is 45° . In addition, the prior art structure 
5 10 is not limited to the diameters illustrated above. Bather, a range of diameters of the 
structure 10 can be used depending on the application for which the structure 10 is 
implemented. 

Fig. 4 shows a braided structure 20 produced by a braiding material 21 
(shown in Fig. 5) constructed according to an embodiment of the present invention. ITie 

10 braided structure 20 is further produced on a braiding machine (not shown) which has fewer 
than 336 carriers, for example 144 carriers. Moreover, the braided structure 20 is designed 
generally to maintain or improve the coverage area achieved with the use of the braiding 
material 11 on a 336-carrier machine to produce the braided structure 10 . In alternative 
embodiments according to the present invention, the braided structure 20 can be produced 

15 on a braiding machine having a number of carriers different from 144 since the braiding 
material 2 1 constructed according to the present invention provides consistent high coverage 
areas and high aspect ratios for different size machines. For example, the braiding material 
of Fig. 3 can also be produced on an 80-carrier braiding machine. Indeed, any number of 
carriers presently known or hereinafter devised (which is less than the braiding carrier 

20 machine for which the braiding material 11 was designed, for example, in the illustrative 
embodiment, a 336-carrier machine) can be used to implement the consistent geometric 
features of the braiding material 21 of our invention. 

Referring to Fig. 5, generally to maintain or improve the coverage area, we 
increased the number of yarn ends in the braiding material 21 can be increased to twelve 

25 (shown as yarn ends 22 to 33). Furthermore, the yarn ends 22 to 33 are oriented in a single 
layer or in parallel by lying the yarn ends side-by-side. In order to maintain the parallel 
orientation, the yarn ends 22 to 33 combined in such parallel orientation are coated with a 
forming material. The forming material can be an acrylic coating commercially designated 
as RHOLPLEX E-52, available from RHOM & HAAS (Philadelphia, Pennsylvania). In 

30 alternative embodiments according to the present invention, different coatings, such as a 
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polyurethane coating commercially designated as "/1057", available from FIBERLINE 
(Hatfield, Pennsylvania) can be used to set the tow bundles 22 to 33 in the parallel 
orientation. Accordingly, the invention is not limited to the coatings described herein; 
rather, various coatings can be used so long as the coatings set the parallel orientation of 

5 the tow bundles 22 to 33. 

The process of combining and coating the yarns 22 to 33 according to the 
present invention can include drawing the yarn ends 22 to 33 from a creel, arranging them 
side-by-side in parallel to form a single layer band or tow bundle 34, directing them into 
a bath of heat settable coating material, passing the braiding material 21 through a wiper 

10 die to control the amount of coating applied and then conveying the coated braiding 
material 21 through an oven to set the coating. This yields a high tenacity braiding 
material 21 with a high width to thickness ratio that is suitably flexible to process on a 
braiding machine while sufficiently stiff to maintain its width dimension without the 
individual yarn ends bunching over one another or buckling in an undesirable manner. 

15 The method of lying yarn ends in parallel is standard and can be accomplished in a variety 
of ways, which are known in the art. In addition, the process of coating textile fibers is 
also standard. For example, the coating process can be implemented on a standard 
coating machine commercially designated as the TS2 COATING TOWER WINDER, sold 
by DIETZE & SCHELL M ASCHINENF ABRJK Gmbh (Coburg , Germany). Accordingly, 

20 the present invention is not limited by the process by which yarn ends are placed in 
parallel orientation or are coated. 

Referring once again to Figs. 4 and 6, the braiding material 21 is used to 
provide a series of tow bundles 34. In this way, the width of the tow bundles 34 is in- 
creased by a factor of about four while the thickness of the braiding material is constant. 

25 The tow bundles 34 are then interlaced to produce the braided structure 20 on a braiding 
machine with, for example, 144 carriers. As a result, the braiding material 21, with a 
higher aspect ratio, provides the same or greater coverage area with the same thickness 
as the braided structure 10. In addition, the braided structure 20 will have gaps 35 resulting 
from the intersection of the two bundles 34 which are proportional to the gaps 16 in the 
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braided structure 10 to support the same or increased coverage area of the braided structure 
20. 

Referring to Fig. 6, there is shown a fragmentary cross-sectional view along 
line 6-6 of the braided structure 20 produced by the tow bundles 34 (made from the 

5 braiding material 21). Fig. 6 illustrates the parallel orientation of the yarn ends 22 to 33 
within the tow bundles 34 and the uniform thickness of the tow bundles 34 as a result of 
such parallel orientation. 

The braided structure 20 (like the prior art braided structure 10) is formed 
from a standard two-over two-under braid pattern. The braided structure 10 can also be 

10 free-standing (i.e. , braided without a mandrel or other inner core). More particularly, the 
braided structure 20 includes the basic repeating pattern in which tow bundles 34 are in 
side-by-side interlaced relation for one direction of a helical advance, and in which a second 
series of tow bundles 34 are in similar side-by-side relation for the opposite direction of a 
helical advance. The braiding process for production of this standard braid pattern is 

15 known in the art. Therefore, it will not be described further herein. In addition, this 
braided structure 20 is merely exemplary of braided structures which may be produced 
using the braiding material 21 because the braiding material 21 can be used to produce a 
braided structure 20 with any braid pattern. Accordingly, the braided structure 20 braid 
pattern or configuration does not limit the present invention. 

20 EXAMPLE 2: THE BRAIDED STRUCTURE 20 PRODUCED ON A 144-CARRIER 

BRAIDING MACHINE 
The braided structure 20 can be produced on a 144-carrier braiding machine 
using precoated braiding material 21 constructed according this embodiment shown in Fig. 
5 of the present invention. The same yarns used for Example 1 to produce the braided 

25 structure 10 can also be employed for this exemplary structure 20. The exemplary braided 
structure 20 illustrated in the table below has two variations. A braided structure 20 having 
a braiding angle of 18° can be produced. The same braided structure 20 can also be 
inflated when used in an airbag application to a structure 20 having a braiding angle of 45° . 
Such exemplary structure 20 and yarn ends 22 to 33, each yarn end comprising 220-denier 

30 polyester, have the following properties: 
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Diameter of Braided Structure 20 
(inches): 

Yam Ends 22 to 33 (220-denier 
polyester) Per 144-Carrier 
Braiding Machine: 

Yarn Aspect Ratio 

Coverage Area (Percent) : 

Tow Bundle 34 Width: 

Tow Bundle 34 Thickness: 

Raw Material Yield (yd/lb): 



EXAMPLE 2 A 
Braiding 
Angle of 18° 
2.36 

12 

12.01 to 1 
90.8% 
0.068 
0.006 
20160 



EXAMPLE 2B 
Inflated Condition 
Braiding Angle of 45 c 
5.50 

12 

12.01 to 1 
64.3% 
0.068 
0.006 
20160 



Accordingly, the braided structure 20 has an aspect ratio of about twelve to one when it is 
produced with a braiding angle of 18° and when it is inflated so that the braiding angle is 
45 ° . In addition, the braided structure 20 has coverage areas of 90. 8 % when the braiding 
angle is 18° and 64.3 % when the braiding angle is 45° . In addition, the present invention 
is not limited to the diameters illustrated above for the exemplary structure 20. Rather, the 
present invention applies to the structure 20 with a range of diameters depending on the 
application for which the structure 20 is implemented. 

EXAMPLE 3: THE BRAIDED STRUCTURE 20 PRODUCED ON A 80-CARRIER 

BRAIDING MACHINE 

In addition, in alternative embodiments according to the present invention, 
the braided structure 20 can have tow bundles 34 produced from braiding material 21 with 
twenty-four yam ends (not shown). For such alternative embodiments, the resulting tow 
bundle aspect ratio of about twenty-four to one will generally increase the coverage area on 
braiding machines having fewer than 336 carriers. For example, the low linear density 
yarns used to produce the braided structure 10 can also be employed for this exemplary 
structure 20. The exemplary braided structure 20 illustrated in the table below has the same 
two variations as shown for Example 2. Such exemplary structure 20 and twenty-four yarn 
ends, each yarn end comprising 100-denier polyester, have the following properties: 
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Diameter of Braided Structure 20 
(inches): 

Yarn Bids (twenty-four; 100- 
denier polyester) Per 80- Carrier 
Braiding Machine: 

Yarn Aspect Ratio 

Coverage Area (Percent): 

Tow Bundle Width: 

Tow Bundle Thickness: 

Raw Material Yield (yd/lb): 



EXAMPLE 3 A 
Braiding 
Angle of 18° 

2.36 
24 

24tol 
98.4% 
0.103 
0.004 
44640 



EXAMPLE 3B 
Inflated Condition 
Braidin g Angle of 45 c 

5.50 
24 

24 to 1 
75.4% 
0.103 
0.004 
44640 



Accordingly, the braided structure 20 has an aspect ratio of about twenty-four to one when 
it is produced with a braiding angle of 18° and when it is inflated so that the braiding angle 
15 is 45°. In addition, the braided structure 20 has coverage areas of 98.4% when the 
braiding angle is 18° and 75.4% when the braiding angle is 45°. In addition, the same 
variations in diameter as for the structure 20 in Example 2 apply to this Example 3 structure 
20. 

Moreover, the present invention is not limited by the examples of twelve or 
20 twenty-four yarns. Rather, it is contemplated that tow bundles having any aspect ratio of 
greater than three to one to be within the scope of the present invention, such that the 
precise numbers of yarn ends is a design choice based on the particular application for the 
braided structure 20. 

In addition, in alternative embodiments according to the present invention, 
25 the tow bundles 34 need not derive from the same braiding material 11. Rather, the tow 
bundles can be produced from braiding material with variations in aspect ratios based on 
the use of different yarns or different number of yarn ends per tow bundle. The braided 
structure resulting from braiding such tow bundles can be symmetrical but have variations 
in the coverage area on portions of the braided structure surface or asymmetrical due to an 
30 asymmetrical placement of various width to thickness ratio tow bundles. However, where 
the braided structure is produced on a given machine (with a given number of carriers, for 
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example 336), the same principles of our invention can be applied to produce the same 
braided structure using such variations in tow bundles on a braiding machine with fewer 
carriers. 

Fig. 7 shows a braided structure 40 produced by a braiding material 41 
5 (shown in Fig. 6) constructed according to another embodiment of the present invention. 
The braided structure 40 is further produced on a braiding machine (not shown) which has 
fewer than 336 carriers, for example 144 carriers. Moreover, the braided structure 40 is 
designed generally to maintain or improve the coverage area achieved with the use of the 
braiding material 11 to produce the braided structure 10 of Figs. 1 to 3 on a 336-carrier 
10 machine. Like the braided structure 20 of Figs. 4 to 6, in alternative embodiments 
according to the present invention, the braided structure 40 can be produced on carrier 
braiding machine having a different number of carriers (e.g., 80 carriers), since the 
braiding material 41 allows for consistent high coverage area and high aspect ratio for 
different size machines. 

15 Referring to Fig. 8, the braiding material 41 of this embodiment of the 

present invention is a monofilament of engineered plastic film, such as, for example, nylon 
or polyester. More particularly, an example of a usable film is a biaxially oriented 
polyester film commercially designated TRANSPUT® available from TRANSILWRAP 
COMPANY, INC. (Chicago, Illinois), which film has an ultimate tensile strength of 32,000 

20 psi. This braiding material 41 can be preconfigured with a suitable aspect ratio to achieve 
the same or greater coverage area compared to the braided structure 20 (and each of the 
alternative embodiments described above for the structure 20). In addition, in alternative 
embodiments of the present invention, a braiding material 41 can be manipulated (for 
example flattened or stretched) to achieve the desired aspect ratio for the tow bundles 42 

25 of the braided structure 40. For example, a engineered plastic can be further flattened. 

In addition, in alternative embodiments according to the present invention, 
alternative materials can be used for the braiding material 41 . For example, one or more 
yarn ends having a greater range of linear densities (for example, low linear densities or 
greater than 2000-denier) can be parallel wound and flattened in the same manner as the 

30 engineered plastic film to produce a desired aspect ratio for the two bundle 42. The 



WO 99/35328 



PCT/US99/00561 



15 

following arc examples of usable materials 41: two 1000-denier, 1110-dtex, 200-filament 
TREVBRA® high tenacity polyester yarns (type 710), having 7.4 dN/tex tenacity and 1.6% 
shrinkage at 350°F, can be oriented in parallel and then flattened to increase the aspect ratio 
of the resulting tow bundle. Moreover, a single 2600-denier, 2890-dtex, 384-filament 

5 TREVIRA® high tenacity polyester yarn (type 785), having 7.90 dN/tex tenacity and 
13.20% shrinkage at 350°F, can be used as a monofilament and manipulated in the same 
manner as the engineered plastic film to produce a desired aspect ratio for the tow bundle 
42. Accordingly, the monofilament or series of yarn ends used to construct the braiding 
material 41 does not limit the scope of the present invention. Rather, it is contemplated that 

10 a variety of materials can be used as configured or manipulated to produce a high aspect 
ratio for a desired coverage area of the braided structure 40. 

Moreover , depending on the type of braiding material 41 used to produce the 
braided structure 40, a coating can be applied to film. For example, for the monofilament 
shown in Figs. 7 to 9, a coating may not be necessary since the monofilament is a single 

15 unit. However, a coating may be employed in order to prevent curling of the outer edges 
of such monofilament. Moreover, in alternative embodiments in which the braiding 
material 41 consists of one or a series of higher denier yarns, a coating may be applied as 
to the single higher denier yarn or to the series of high denier yarns for the reasons 
provided as to the monofilament or the braiding material 20, for example. The method for 

20 coating the braiding material 41 consisting of a film is the same as that for the braiding 
material 21 described above, and is similarly known in the art. For example, the same 
coating machine TS2 Coating Tower Winder can be used to coat such film. 

Referring once again to Figs. 7 and 8, the braiding material 31 is used to 
provide a series of tow bundles 43. The width and thickness of the tow bundles 42 is the 

25 same as the braiding material 41 . The tow bundles 42 are then interlaced to the produce 
the braided structure 40 in the same manner as for the braided structure 20, including using 
such braiding material 41 for the same alternative braid patterns and on the same alternative 
braiding machines having a variety of carriers as for such structure 20. In addition, the 
braided structure 40 will have gaps 43 resulting from the intersection of the tow bundles 42 

30 which are proportional to the gaps 16 in the braided structure 10 to support the same or 
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10 



15 



increased coverage area of the braided structure 40- The braided structure 40 (like the prior 
art braided structure 10) is formed as shown from a standard two-over two-under braid 
pattern. As described above, the braid pattern shown does not limit the present invention 
such that braiding material 41 can be used to produce braided structures 40 with different 
braid patterns. 

Referring to Fig. 9, there is shown a fragmentary cross-sectional view along 
line 9-9 of the braided structure 40 produced by the tow bundles 42 (made from the 
braiding material 41). Fig. 9 illustrates the braiding material 41 consisting of a 
monofilament having a rectangular configuration. 

EXAMPLE 4: THE BRAIDED STRUCTURE 40 PRODUCED ON A 96-CARRIER 

BRAIDING MACHINE 

The braided structure 40 can be produced on a 96-carrier braiding machine 

using precoated or uncoated braiding material 41 consisting of a monofilament consisting 

of 1500-denier polyester film and constructed according to the embodiment shown in Fig. 

7. Hie exemplary braided structure 40 is shown in the same variations as Examples 1 to 

3. The resulting braided structures 40 and monofilament 41, comprising 1500-denier 

polyester film, have the following properties: 



20 



25 



30 



Diameter of Braided Structure 40 
(inches): 

Monofilament 41 (1500-denier 
polyester film) Per 96-Carrier 
Braiding Machine: 

Yarn Aspect Ratio 

Coverage Area (Percent): 

Tow Bundle 42 Width: 

Tow Bundle 42 Thickness: 

Raw Material Yield (yd/lb): 



EXAMPLE 4 A 
Braiding 
An gle of lg° 

2.36 



58.50 to 1 
97.8% 
0.125 
0.002 
2976.33 



EXAMPLE 4B 
Inflated Condition 
Braiding Angle of 45° 

5.50 



58.50 to 1 
74.2% 
0.125 
0.002 
2976.33 
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Accordingly, the braided structure 40 has an aspect ratio of about fifty-nine to one when 
it is produced with a biaiding angle of 18° and when it is inflated so that the biaiding angle 
is 45°. In addition, the braided structure 40 has coverage areas of 97.8% when the 
braiding angle is 18° and 64.3 % when the braiding angle is 45° . In addition, the present 
5 invention is not limited to the diameters illustrated above for the Example 4 structure 40. 
Rather, the present invention applies to the Example 4 structure 40 with a range of 
diameters of about three inches or greater at a braiding angle of 45° . 

EXAMPLE 5: THE BRAIDED STRUCTURE 40 PRODUCED ON A 72-CARRIER 
10 BRAIDING MACHINE 

In addition, in alternative embodiments according to the present invention, 

the braided structure 40 can have tow bundles 42 produced from braiding material 41 with 

a single 2000-denier yarn end which has been flattened to achieve the desired width to 

thickness ratio (not shown). In further alternative embodiments, the material 41 can also 

15 be coated. The resulting tow bundle aspect ratio generally will increase the coverage area 

on braiding machines having fewer than 336 carriers. The exemplary braided structure 40 

is shown in the same variations as in Examples 1 to 4. The resulting braided structures 40 

and monofilament 41, comprising 2000-denier polyester, have the following properties: 

EXAMPLE 5 A EXAMPLE SB 

Braiding Inflated Condition 

Angle of 18° Braiding Angle of 45° 

20 Diameter of Braided Structure 40 2.36 5.50 
(inches): 

Monofilament 41 (2000-denier 1 1 

polyester) Per 72-Canier Braiding 

Machine: 

25 Yarn Aspect Ratio 93.33 to 1 93.33 to 1 

Coverage Area (Percent): 100% 83.1% 

Tow Bundle 42 Width: 0.200 0.200 

Tow Bundle 42 Thickness: 0.002 0.002 



30 



Raw Material Yield (yd/lb): 2232 2232 

Accordingly, the braided structure 40 has an aspect ratio of about ninety to one when it is 
produced with a braiding angle of 18° and when it is inflated so that the braiding angle is 
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45° . In addition, the braided structure 40 has coverage areas of 100% when the braiding 
angle is 18° and 83. 1 % when the braiding angle is 45° . In addition, the same variations 
in diameter as for the structure 40 in Example 4 apply to this Example 5 structure 40. 

A particular application of the braiding material 20 and 40 constructed 

5 according to the present invention is in automotive inflatable safety devices because it has 
suitable tenacity to withstand the inflation and impact forces which act on it and has a 
sufficiently small thickness to allow for compact storage of the braided structure. 

Having thus described the present invention, it is to be understood that the 
above-described braided structure embodiments are illustrative of the principles of the 

10 present invention and that other braided structure embodiments may be devised by those 
skilled in the art, without departing from the spirit and scope of the invention. In 
particular, the invention contemplates that the braiding material constructed according to 
the invention can support producing a braided structure having roughly the same or 
increased coverage area of a braided structure designed with a desired coverage area on a 

15 braiding machine having a large number of carriers, for example, a 336-carrier braiding 
machine. Accordingly, the invention is not to be considered limited by the specific 
examples illustrated herein, but by the appended claim s. 
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WHAT IS CI ATMTin TS* 



1 1, A high coverage, high width to thickness ratio braided structure, said 

2 braided structure comprising: 

3 a plurality of strands, each of said plurality of strands including at least four 

4 low linear density yarn ends, each of said yarn ends being oriented side-by-side to 

5 define a generally single layer band and treated with a forming material to set said 

6 side-by-side orientation of said yarn ends; 

7 each of said plurality of strands further having a width defined generally by 

8 the outmost edges of its said yam ends and a width to thickness ratio of at least 

9 about four to one; and 

10 an interlacing pattern of said plurality of strands. 

1 2. The braided structure in accordance with claim 1 wherein each of said 

2 plurality of /strands has at least twelve low linear density yarn ends and said width to 

3 thickness ratio is at least about twelve to one. 

1 3 . The braided structure in accordance with claim 1 wherein each of said 

2 plurality of strands has at least twenty-four low linear density yarn ends and said width to 

3 thickness ratio of at least about twenty-four to one. 

1 4. An automotive inflatable safety device comprising: 

2 an inflatable bladder; and 

3 the braided structure according to claim 1 enveloping said bladder. 

1 5 . The braided structure in accordance with claim 1 wherein said braided 

2 structure is free-standing. 



l 

2 



6. The braided structure in accordance with claim 1 wherein said 
plurality of strands is less than 336. 



WO 99/35328 



PCT/US99/00561 



20 



1 7. The braided structure in accordance with claim 1 wherein said 

2 plurality of strands is one of 144, 120, 96, 80 and 72. 

1 8 . A high coverage, high width to thickness ratio braided structure, said 

2 braided structure comprising: 

3 a plurality of strands, each of said plurality of strands including a film 

4 having a width to thickness ratio of at least about four to one; and 

5 an interlacing pattern of said plurality of strands produced by weaving said 

6 plurality of strands to provide said braided structure including a diameter of at least 

7 three inches and a coverage area of at least 40% for a braiding angle of 45°. 

1 9. An automotive inflatable safety device comprising: 

2 an inflatable bladder; and 

3 the braided structure according to claim 8 enveloping said bladder. 

1 10. The braided structure in accordance with claim 8 wherein said 

2 plurality of strands is less than 336. 

1 11. The braided structure in accordance with claim 8 wherein said 

2 plurality of strands is one of 144, 120, 96, 80 and 72. 

1 12. The braided structure in accordance with claim 8 wherein said film 

2 is polyester. 

1 13. The braided structure in accordance with claim 8 wherein said film 

2 is treated with a forming material. 

1 14. A high coverage, high width to thickness ratio braided structure, said 

2 braided structure comprising: 
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3 a plurality of strands, each of said plurality of strands including at least one 

4 yarn end of about 1000 or more denier, said yarn end being flattened to produce a 

5 width to thickness ratio of at least four to one; and 

6 an interlacing pattern of said plurality of strands. 

1 15. The braided structure in accordance with claim 14 wherein: 

2 said plurality of strands includes at least two yarn ends, each of said at least 

3 two yarn ends being flattened and oriented side-by-side to define a generally single 

4 . layer band; and 

5 each of said plurality of strands further having a width defmed generally by 

6 the outmost edges of its said at least two yam ends and a width to thickness ratio of 

7 at least about four to one. 

1 16. The braided structure in accordance with claim 14 wherein said yarn 

2 end is treated with a forming material. 

1 17. The braided structure in accordance with claim 15 wherein said yarn 

2 end is treated with a forming material. 

1 18. An automotive inflatable safety device comprising: 

2 an inflatable bladder; and 

3 the braided structure according to claim 14 enveloping said bladder. 

1 19. The braided structure in accordance with claim 14 wherein said 

2 braided structure is free-standing. 

1 20. The braided structure in accordance with claim 14 wherein said 

2 plurality of strands is less than 336. 
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1 21. The braided structure in accordance with claim 14 wherein said 

2 plurality of strands is one of 144, 120, 96, 80 and 72. 

1 22. An aiibag cover made from an expandable braid comprising 

2 interlacing strands of monofilaments. 

1 23. An airbag cover made from an expandable braid comprising 

2 interlacing strands of at least one yarn end flattened to form a monofilament. 

1 24. A method of producing a braided structure on a braiding machine 

2 having less than 336 carriers, said method comprising the steps of: 

3 forming a braiding material by orienting at least four low linear density yarn 

4 ends side-by-side to define a generally single layer band and treating said single 

5 layer band with a material to set said side-by-side orientation in said braiding 

6 material; 

7 forming a plurality of strands from said braiding material; and 

8 interlacing each of said plurality of strands into said braided structure on said 

9 braiding machine having less than 336 carriers. 

1 25 . A method of producing a first braided structure on a braiding machine 



2 having less than 336 carriers, said first braided structure having a first coverage area over 

3 a range of diameters of said first braided structure generally equal to or greater than a 

4 second coverage area over said range of diameters of a second braided structure produced 

5 by a second braiding material on a 336 carrier machine, said second braiding material 

6 including three of a plurality of low linear density yarn ends, said method comprising the 

7 steps of: 



8 forming a first braiding material by orienting at least four of said plurality 

9 of low linear density yarn ends side-by-side to define a generally single layer band 

10 and treating said single layer band with a material to set said side-by-side orientation 

11 in said first braiding material; 
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14 



12 



13 



forming a plurality of strands from said first braiding material; and 
interlacing each of said plurality of strands on said braiding machine having 
less than 336 carriers to produce said first braided structure having said first 



15 



coverage area. 



l 



26. A method of producing a first braided structure on a braiding machine 



2 having less than 336 carriers, said first braided structure having a first coverage area over 

3 a range of diameters of said first braided structure generally equal to or greater than a 

4 second coverage area over said range of diameters of a second braided structure produced 

5 by a second braiding material on a 336 carrier machine, said second braiding material 

6 including a plurality of low linear density yarn ends, comprising the steps of: 

7 forming a first braiding material by orienting a plurality of yarn ends which 

8 are greater in number than said plurality of yarn ends of said second braided 

9 structure side-by-side to define a generally single layer band and by treating said 

10 single layer band with a material to set said side-by-side orientation in said first 

11 braiding material; 

12 forming a plurality of strands from said first braiding material; and 

1 3 interlacing each of said plurality of strands on said braiding machine having 

14 less than 336 carriers to produce said first braided structure having said first 

15 coverage area. 

1 27. A method of producing a braided structure on a braiding machine 

2 having less than 336 carriers, said method comprising the steps of: 

3 forming a braiding material of a monofilament; 

4 forming a plurality of strands from said braiding material; and 

5 interlacing each of said plurality of strands on said braiding machine having 

6 less than 336 carriers to produce said braided structure including a diameter of at 

7 least three inches and a coverage area of at least 40% for a braiding angle of 45° . 
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1 28. A method of producing a braided structure on a braiding machine 

2 having less than 336 carriers, said method comprising the steps of: 

3 forming a braiding material of at least one yam end, said yarn end being 

4 flattened to form a generally single band; 

5 forming a plurality of strands from said braiding material; and 

6 interlacing each of said plurality of strands on said braiding machine having 

7 less than 336 carriers to produce said braided structure including a diameter of at 

8 least three inches and a coverage area of at least 40% for a braiding angle of 45° . 



WO 99/35328 



1/4 



PCT/US99/00561 




WO 99/35328 



2/4 



PCT/US99/00561 




FIG* 5T 



WO 99/35328 



PCT/US99/00561 



3/4 




WO 99/35328 



PCT/US99/00561 




INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US99700561 



A. CLASSIFICATION OF SUBJKCT MATT KR 

IPC(6) :D06P 07/00; D04C 01/02. 01/06; B60R 21/2*1 

US CL :087/001. 002, 003, 005. 007. 008, 013; 280/729, 72X.I 
According to International Patent Classification (IPC) or to holh national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 087/001. 002. 003. 005. 007. 008. 013; 280/729. 728.1 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 
A 
A 



US 5,186,992 A (Kite) 16 February 1993, figures 3-6 and col. 3, 
lines 15-21. 

US 4,420,018 A (Brown) 13 December 1983, figures 2-4, col.6, 
lines 17-21. 

US 3,815,468 A (Matt et al) 11 June 1974, entire document. 

US 4,907,624 A (Jonasson) 13 March 1990, figures 4-6. 

US 5,375,878 A (Ellerbrok) 27 December 1994, entire document. 



22 and 23 

1-3, 5-7, 14-17, 
19-21, and 24-26 

All 

24-28 

All 



| | Further documents are listed in the continuation of Box C. | | See patent family annex. 



■ Special categories of cited documents: 

•A" document defining Ihe general state of the art which is not considered 

to be of particular relevance 

•R' earlier document published on or after the international filing date 

•I." document which may throw doubts on priority claimU* or which is 

cited to establish the publication date of another citation or other 
special reason 1st specified) 

"O" document referring to an oral disclosure, use. exhibition or o«her 

means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



later document published after the international Tiling date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance, the claimed invention cannot be 
considered to involve an invenuve step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



27 MARCH 1999 



Date of mailing of the international search report 



0 5 MAY 1999 



Name and mailing address of the ISA/US 
Commissioner of Patent* and Trademarks 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

WILLIAM STRYJEWSKI 
Telephone No. (703) 308-086 1 



Form PCT/1SA/2I0 (second shcclX-luly 1992)* 



